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是红树植物内生真菌 A 123(Phomopsis sp. A 123)产生的一种骨架新颖的环氧二烯类化
合物。前期研究表明，DAM 具有较强的细胞毒性，对 Raji 细胞株 IC50 为 3.0 µg/mL，
对胃癌 AGS 细胞株 IC50 为 1.0 µg/mL，具有较好的药用开发前景。但是野生菌株发
酵产量极低，PDA 固体发酵产量仅为 0.8 mg/L，限制了对 DAM 的进一步研究。 
在前期摇床培养基质优化的基础上，本文选择和制备了 16 种诱导子，研究了它
们在液体培养条件下对 DAM 高产突变株 139 的 DAM 产量的影响，结果表明，白色
假丝酵母菌体制备物和壳聚糖具有显著的正调节作用。采用 CCD 设计响应面实验，
得到了壳聚糖诱导子的 佳诱导条件：壳聚糖接种时间为发酵后的 144 h、浓度 100 
mg/L。DAM 高产量可比空白对照提高 36 %。进一步对诱导条件进行优化，DAM





采用 Real-time PCR 等技术，初步探讨了壳聚糖提高 DAM 产量的可能机制。通
过简并引物设计，从菌株 139 中克隆出信号转导蛋白的保守片段，得到 G 蛋白的 α
亚基、MAPK 蛋白和 PKA 蛋白的保守序列；通过 Real-time PCR 检测得出 G 蛋白的
表达量在诱导 2 h 内基本没有变化，5 h 下调了 5.89 倍。而 MAPK 蛋白在诱导 1 h、2 
h、5 h 时分别下调了 1.49、2.28、10.57 倍；推测诱导作用可能是通过信号转导途径将
外界信号传递到细胞核，导致相关基因转录水平变化。其次，在前人研究基础上，探
究壳聚糖的加入对 DAM 合成相关酶的表达变化影响，发现酯酶、细胞色素 P450 单















DAM 产量的提高均有不同程度的上调。因此推测壳聚糖提高 DAM 产量的机制可能

















Because of their special living conditions, marine microorganisms often produce 
various bioactive substances with novel functions and structures. However, the yields of 
secondary metabolites in the marine fungi are usually too low to carry out further studies 
on bioactivity or pharmacological properties. Looking for methods to enrich the yield of 
secondary metabolites is the way to overcoming the problem. In recent years, the increased 
production through elicitation of the secondary metabolites from microbial cultures has 
opened up a new area of research. 
In this article, trying to improve the yield of a marine anti-tumor drug candidate 
deacetylmycoepoxydiene (DAM) through elicitation and their tentative mechanisms of 
action were studied.DAM, a second metabolic product of endophytic fungi Phomopsis sp. 
A 123, which contains an oxygen-bridged cyclooctadiene, is novel and represents a new 
class of fungal metabolites. It showed high cytotoxicities against human tumor Raji and 
AGS cell lines with IC50 3.0 and 1.0 µg/mL, respectively. However, the production of 
DAM was as low as 0.8 mg/L, which hampered further studies on the antitumor 
mechanisms and in vivo tests of DAM.   
Based on previous optimization in shake flask culture, sixteen elicitors were used to 
treat Phomopsis sp.139, a mutant strain of A 123. The results showed that the Candida 
albicans mycelium material and chitosan had a significant influence on DAM 
production.Then through response surface experiments，the optimal elicitation conditions 
were obtained. It was that chitosan (100 mg/L) was added after 144 h cultivation. The 
maximum yield was increased 36 % compared to the control. The elicitation conditions 
were further optimized, and the maximum yield was increased 1.5 fold compared to that of 
control. It can lead to increased yields and shorter production times in industrial 
production. 
   In order to study the effect of chitosan on physical and chemical properties of 
Phomopsis sp.139, the elicitation dynamics were studied.Research included studying the 
effect of chitosan on mycelium pattern 、biomass、DAM production and glucose 















supplemented with chitosan. Especially chitosan can promote the autolysis phenomenon in 
advance. 
   The possible mechanism of increasing DAM yield by elicitation was preliminarily 
investigated by Real-time PCR. Conservative sequence of G protein、MAPK protein and 
PKA protein were obtained by using degenerate primers PCR amplification. The results of 
the Real-time PCR showed that a significant 5.59 fold reduced in the expression of G 
protein was attained when elicitation 5 h. While the expression of MAPK protein was 
reduced 1.49、2.28、10.57 fold when elicitation 1 h、2 h and 5 h respectively. It seems 
plausible to speculate that the elicitation in strain 139 cultures occurs through a mechanism 
involving signal transduction system, possibly triggering a cascade of events inside the cell. 
Based on previous research, samples which were taken from the elicitor supplemented and 
control cultures at 168 h and 216 h were used to compare the transcription level of relative 
biosynthetic genes between control and elicited cultures by using Real-time PCR. The 
transcription level of the Esterase 、 Cytochrome P450 monooxygenases and the 
NAD-dependent dehydratase had different levels of increased. These increases correlate 
with the increase in DAM yield. The results presented here suggest that the effect of 
elicitors occurs at the level of transcription of the genes possibly involved in the 
biosynthesis of DAM. 































































拟茎点霉属  Phomopsis (Sacc.) Bubak 真菌主要为植物病原菌，能引起植物枝
枯、溃疡、果腐、叶枯等一系列症状，种类多，寄主广，形态差异小[5]。拟茎点霉属
真菌作为植物内生真菌的一个主要类群，在自然环境中分布广泛。如 Phoma sp.和




    1995 年，Horn 等从柳树内生真菌拟茎点霉属 Phomopsis sp.分离到新生物碱
Phomopsichalasin（1），研究发现它能抑制细菌枯草芽孢杆菌（Bacillus subtilis）,鸡伤
寒沙门氏菌（Salmonella gallinarum），金黄色葡萄球菌（Staphylococcus aureus）,热带
假丝酵母（Yeast Candida tropicalis）[7]。 





















       
Phomoxanthones A (2)                 Phomoxanthones B (3) 
 
    同年，Wagenaar 等[9]从分离自植物 Dicerandra frutescens 的内生真菌 Phomopsis 
longicolla 中分离到 3 个同系物 dicerandrols A～C(4～6)，它们都有抗菌和抗肿瘤活性。 
2003 年，具有抑制微管蛋白聚合活性的化合物 Phomopsidin(7)被 Kobayashi 等[10]
从红树植物内生真菌 Phomopsis sp.TUF 95F47 中分离出来。 
 
 
     
dicerandrols A(4)：R1=R2=H         




    2004 年，Weber 等[11]从阿根廷药用植物 Erythrina crista-galli 内生真菌 Phomopsis 
sp.中分离到 1 个结构新颖的聚酮类化合物 Phomol(8)，该化合物具有抗菌、抗肿瘤及
抗炎症活性。同年 Schwarz 等[12]从欧洲白桦内生真菌拟茎点霉属 Phomopsis phaseoli















Meloidogyne incognita 的半致死浓度 IC50 为 12.5～15 μg/mL，比对秀丽小杆线虫
Caenorhabditis elegans 的 IC50 高 5 倍。 
      
Phomol(8)               chaetoglobosin-510(9)：R1=R2=CH3 
 
2005 年，Christian 等[13]报道从海洋真菌 Phomopsis asparagi 中分离到 3 个结构新
颖的化合物 chaetoglobosin-510 (9), chaetoglobosin-540 (10), and chaetoglobosin-542 
(11)，其中 chaetoglobosin-542 具有抗微纤丝和细胞毒活性。 
 
   
chaetoglobosin-540(10)：R1=R2=CH3                chaetoglobosin-542(11) 
 
2008 年，Huang 等[14]报道从海南东寨红树海漆（Excoecaria agallocha）树杆的拟
茎点霉内生真菌 Phomopsis sp.ZSU-H76 中分离获得了三个新的聚酮化合物以及
Cytosporone B 和 Cytosporone C。其中 Cytosporone B，Cytosporone C 对白色念珠菌和
尖孢镰刀菌有抑制活性， 小抑制浓度为 32～64 μg/mL。同年，Tao 等[15]报道从湛江
一种红树树皮中获得的拟茎点霉内生真菌 Phomopsis sp.（ZZF08）中分离鉴定了一个
新的生物碱化合物 Phomopsin A（12）它对 KB 和 KBv200 细胞株有弱的抑制活性，
IC50 分别为 28.0 和 16.8 μg/mL。Rukachaisirikul 等[16]还从拟茎点霉 Phomopsis sp. 
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